Abstract-The standard practice of dental extraction is performed using rigid instruments in a process involving high mechanical strength and a post-operative painful for patients. This work presents the stages of design and development of an instrument capable of acting in the most critical phase of the process, with induction of vibration at high frequencies, and it is expected to decrease the required the extraction force to perform as well as damages caused by the present procedure.
INTRODUCTION
The dental extraction procedure currently requires the use of three instruments that perform the functions of cutting and removal of soft tissue dislocation and extraction, which are, respectively, the sindesmotone, the dental elevator and the forceps [1] .
This operation occurs near vital centers so it requires a great careful by handling sharp dental instruments, applying a controlled force and the anticipation of unexpected reactions from patients.
The luxation phase is the most important in the extraction procedure, since it implies greater skill and technique by the dentist and also the most critical force application to which is associated with the most damage [1] [2] . The luxation is performed by applying force to elevate the tooth through the dental elevator ( Fig. 1 ), a tool with a sharp concave tip to allow a better positioning in the tooth and root and an ergonomic handle that allows the professional to practice the necessary strength [2] . In research of the state of the art of these tools there was observed that few studies were leading to their development and even the most innovative ones only have a change in its ergonomics. However, this evolution does not change the current practice of dental extraction, and is still a very primitive technique, in which the use of large forces are often required which may involve several other damage to healthy adjacent teeth. The induction of vibration to the teeth and roots during the extraction process will reduce the force and facilitate the process, the vibration is not felt by the dentist since this is applied to the instrument at higher frequencies.
A. Human Response to Vibration
The study of human response and human behavior to vibration is essential to understand the exposure limit values to it and protect the various organs of injuries.
Thus, it is important to consider the resonance frequencies of various organs, hands (20-50 Hz), arm (5-10 Hz), head (20-30 Hz) and ocular structures (20-90 Hz), potentially exposed to vibration of the device developed [4] [5] . Although it was not possible to verify the resonance frequencies of dental structures, it appears that the tooth has a natural frequency in the range 300 Hz to 2000 Hz [6] , which may indicate that the use of vibration in this range will not be harmful to these structures.
It appears that the body is more sensitive to low frequencies, below 1Hz, producing adverse effects on exposure to these frequencies [7] .
ISO 5349-1 refers the control the transmission of vibration to the hand and arm, and does not recommend exposures outside the range of 8 Hz to 1000 Hz in order to avoid the emergence of HAVS (Hand-Arm Vibration Syndrome) [7] [8] [9] .
However, dental professionals are constantly exposed to vibration at high frequencies. Instruments such as high-speed drills among other dental instruments, expose workers to a range of frequencies above 1250 Hz [10] .
Arising from there is also little information on the physiological and health effects of the use of dental instruments by hand. In any case, it is a reality reported by many professionals, the existence of symptoms in the upper limbs, hands and other at high frequency [8] [9] [10] .
The vibration is presented as one of the factors that may cause injuries reported however, these symptoms are also indicated by other factors such as repetitive movements, the force exerted and prolonged exposure to abnormal working positions. Thus, an incorrect exposure to vibration may be from occupational injuries however, the presence of other factors such as those above may not allow proper analysis of the influence of vibration on dental extraction [10] [11] 
B. Piezoelectric Actuators
The piezoelectric actuators allow to convert electrical signals in a controlled movement with great precision, making them ideal for biomedical applications [12] [13] . The use of such actuators has several advantages because their energy efficiency does not depend on its size, achieving actuators with volumes less than 1 cm 3. Besides this advantage does not generate electromagnetic noise and are able to produce relatively high forces [12] [13] .
The choice of low voltage electrical actuators (below 150 V) allows the induction of vibration frequencies in the kHz order and obtaining low displacement amplitudes of up to 0.2 % of the actuator length [13] .
II. VIBRATIONAL ELEVATOR
As the luxation phase is the most critical phase of the process, a straight dental elevator was selected and purchased, for the study, design and development of an auxiliary and innovative instrument.
The placement of the whole vibration system has been studied to reduce the number of changes that are within the original instrument, keeping the ergonomic shape so as not to influence either the operation or performance. Thus, the system is placed inside the device handle to fulfill the aims above.
We studied the construction of a tube that could be easily inserted and removed from the device handle, as shown in Fig. 2 , to further perform the cleaning and sterilization processes without the presence of the vibratory system. The main objective of this new instrument is to induce vibration to the tooth and root during the process of tooth extraction. The vibration was applied in the horizontal direction of the instrument, a range of frequency values between 0 and 40 kHz and an amplitude of displacement between 4 and 20 µm. The selected actuator was the model PSt 150/7/7 VS12 of Piezomechanik [14] In this instrument, the tip of the original instrument is maintained, and is fixed to the actuator and other necessary elements to ensure fixation and rigidity of the whole device, see fig. 3 . 
III. TESTS AND ANALYSIS OF THE BEHAVIOR OF THE

INSTRUMENT
In the tests, it was intended to provide an environment similar to a dental extraction procedure, which was used as model a pig's head, fig. 4 , which is intended to perform the process of extraction and luxation of their teeth with the device of fig. 3 testing with or without their vibration system, all this technical process having been performed by a medical dentist. Induction of vibration was performed with the installation in Fig. 5 ; comprises a signal generator, an amplifier (LE 150/100/EBW da Piezomechanik GmbH) and an oscilloscope connected in parallel with the output to verify the waveform that was being provided to the actuator. The model used is anatomically different from human can be differentiated by the number of roots and dimension of teeth, among other reasons, and therefore this process may result in higher forces required to normal process of tooth extraction.
Following these tests was conducted a CAE study of system behavior in COMSOL Multiphysics ®.
In this simulation were imported virtual models modeled in Autodesk Inventor® and conducted the study of Eigenfrequency of the device tip, fig. 6 . This study yielded the frequency resonance system as well as its response and shift to it.
Looking at the results of the simulation, it is found that the resonance frequency for the tip is 30793
This study showed the greatest degree of deformation shown in red region, which corresponds to the tip of the instrument at the resonant frequency. In this study, the aim was to achieve the application of piezoelectric parameters in the simulation as well as simulate the entire device response. However, there was no possible since there was missing information of the piezoelectric actuator to its realization.
IV. RESULTS
Analyzing the instrument performance, it was found that the ergonomic shape of the device is very similar to current elevator allowing a good support of the palm end.
The possibility of removing the asset due to the screw mechanism, Fig.7 , could give rise to a universal instrument which would be replaced only on tip, for each use, reducing the need to purchase an elevator for each type of tip. Besides this advantage, this mechanism would easily remove this part of more contact with the patient's mouth for sterilization. While it is a significant advance for the cleaning of a device with electronic components, ideally should be performed sterilization of the entire instrument.
At low frequencies was felt the vibration transmitted to the hand when holding the prototype but at high frequencies could not feel the vibration. However, vibration, even at low frequencies, it is not uncomfortable and can hold up the extraction process without limitation in professional performance. At high frequencies was not felt the vibration as well as expected.
After the tests, the medical dentist claims to be inconclusive whether this system helps or not the luxation process. The same refers that the force during the procedure is similar with the use of vibration and without the use thereof.
However, although not definitely proven, it has been found through testing that this system can help the depth penetration of the process tool between the tooth and the alveolar bone allowing for easier placement of the instrument and an easier lifting of the tooth. The oscillation in this region may also lead to its elevation. These facts indicate that the process is being facilitated by reducing the force applied and the processing time when using vibration in luxation phase.
V. CONCLUSIONS
It was conceived, developed and constructed a new surgical elevator for teeth and roots extraction process, resorting to the use of a vibration system with a high frequency induction.
Exposure to vibration that professionals would be subject to the use of this device led to a study of the Human behavior with the application of vibration, mainly in vibration transmitted to the hand, which has shown the existence of a limit level in international standards much lower than that estimated for this work. However, it is noted that in the work performed by dentists, they are constantly exposed to ultrasonic vibrations produced by instruments which largely exceed the values defined in these standards.
Thus, we can conclude that the values associated with the standards may be related to a low exposure time, as is the case for many procedures performed by these professionals. Another interesting fact to mention is the natural frequency of the tooth that is in the range of 300 Hz to 2000 Hz, frequencies that also exceed the standards and could thus be seen that these are structures that might have a different clinical approach.
Since this is a sensitive subject it is concluded the need to evaluate all the risks and benefits associated with the application of vibration induced by the device.
The prototype developed in this work presents a good ergonomic shape, achieving an easy adaptation by the professional which also indicate its fastest acquisition and market entry.
With the tests on the model purchased, it was difficult the perception of the influence of vibration system during the process. The extraction time during the tests is similar to a standard extraction procedure, as well as the required strength.
However, tests have greater difficulty in relation to a standard extraction procedure given by the pig's head model, anatomically different from a human being. The model have deeper roots, larger teeth and the need to exercise greater luxation forces.
Still inherent to the problem, any teething has many differences even between teeth with the same anatomy, which makes it difficult the comparison of relationship between the teeth extraction parameters in the model itself.
However, it is estimated that this vibration can assist the depth penetration of the tool between the tooth and the alveolar bone allowing an easier placement of the instrument and an easier lifting of the tooth.
The oscillation in this region may also lead to its elevation. These facts indicate that the process is being facilitated by reducing the force applied and the process time when using vibration in luxation phase.
VI. PLANNED DEVELOPMENTS
In future work is proposed to operate a form of attenuation of vibration that is transmitted to the hand so that the induced values may coincide with the limit on international standards.
In future developments is proposed to still conducting multiple trials with the instrument developed in various anatomical models and various professionals, a comprehensive evaluation and statistical analysis of the extraction time parameters, exerted force and damage to the oral cavity. Implementation of several tests and a statistical analysis of the data will provide a trend, observing more clearly which influences the application of vibration by this instrument.
Finally, it's suggested the experimental vibration induction in other directions in order to ascertain which may assist in better performance of luxation process. And if verified, the application of vibration in various directions.
